Voltage clamp experiments were carried out with short Purkinje fibers exposed to acetylstrophanthidin.
SUMMARY
Voltage clamp experiments were carried out with short Purkinje fibers exposed to acetylstrophanthidin.
A consistent change in membrane current was an appearance of a transient inward current on repolarization to the resting potential from the preceding depolarization, when preparations were treated with sufficient concentration of acetylstrophanthidin to cause the transient depolarization. This transient inward current displayed voltage-and time-dependence on the preceding depolarization, of which kinetics were different from the pacemaker K+ current. The transient inward current was easily blocked by manganese ions. The results indicated that acetylstrophanthidin induced the transient inward current which was the basis of the transient depolarization and the current might represent an abnormal state of the slow inward current possibly related to the altered internal Na+ and Ca++ concentrations.
Additional Indexing Words: Digitalis intoxication
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Voltage clamp Slow inward current ARDIAC glycosides are known to cause various arrhythmias as the manifestation of their toxic effects. One of the earliest signs of digitalis intoxication demonstrated in the microelectrode studies was recently shown to be a transient depolarization, which developed in Purkinje fibers but not in ordinary working myocardium1),2) This transient depolarization (TD) appeared to be coupled with the preceding excitation and seemed not to represent a reentrant activity.1) It is also assumed that TD probably represents abnormal automaticity different from the normal pacemaker mechanism.1) Membrane current underlying normal pacemaker activity is believed to be carried by a pacemaker potassium current (Ik2).3),4) However, the mechanism underlying TD induced by digitalis has not been clarified yet, although the involvement of transmembrane Ca++ current was suggested.5) The present experiments show an appearance and some properties of transient inward From the Institute for Cardiovascular Diseases,Tokyo Medical and Dental University, Yushi Bunkyo-ku, Tokyo 113, Japan.
Received for publication April 13, 1977 . 851 current in short Purkinje fibers after exposure to acetylstrophanthidin (A . str.), which possessed different characteristics from the pacemaker K+ current . In each picture, the top horizontal line represents 0mV of the membrane potential and dV/dt of the upstroke of action potential. (A) is the control recording.
METHODS
(B) is the record taken after exposure to A.str. for 30 min. Note the development of the TD after repolarization of action potential as indicated by a white arrow. The slope of slow diastolic depolarization became less steep than in the control. (C) is the record taken 60 min after wash-out of the drug and there is no TD. Dependence of transient inward current on preceding depolarization. The abscissa represents the level of preceding depolarization (VI). The ordinate indicates the amplitude (I) of transient inward current (upper half) and the time to peak (t) of the current after repolarization (lower half). The measurement of two parameters (I and t) are schematically shown in the inset. rent records in Fig.2 seem to show some increase in slow inward current after A. str. However, this was not a consistent change in the present experiments.
Three other fibers did not show any increase in the slow inward current at all, although they all showed transient inward current on repolarization.
Thus the appearance of the transient inward current was not necessarily paralleled with concomitant increase in the activation of the slow inward current.
The effect of the duration of the preceding depolarization on this inward current was also examined and one of the results is shown in Fig.4 . The result indicated the dependence of the current amplitude and time to peak on the pulse duration of preceding depolarization.
The current amplitude increased when the pulse duration was prolonged and it decreased at the short pulse. The mode of increase was not a single exponential fashion with increasing duration but it showed some sigmoid dependence on the duration of the preceding depolarization. Finally the effects of manganese ions were tested on this transient inward current, since the appearance of TD was implicated by the inflow of Ca++ current5) and Mn++ was shown to be a specific blocker of this current.8) As can be seen in Fig.5 , 5mM-Mn++ quickly abolished the transient inward current within a short period of perfusion (5 min).
DISCUSSION
When A. str. was applied to Purkinje fibers with its sufficient concentration to induce arrhythmias, the consistent change in the membrane current after drug application was a development of a transient inward current after repolarization from the preceding depolarization. The current showed rather slow time course reaching its peak at 150-600 msec after the end of repolarization.
The current is not likely to represent an artifact because of the following reasons; in such a small preparation (less than 2mm in length), the timing of the current appearance was too slow to be attributed to the conducted action potential under the condition of non-homogeneous voltage control.9) From our previous experiments,7) this method was shown to achieve good voltage control throughout the preparation except first 10 msec after the voltage change where membrane conductance fell considerably. But the timing of the transient inward current was far outside of this critical range. Finally this current was never observed in the non-treated fibers and was only seen after an application of the drug. Therefore it can reasonably be stated that the transient inward current is a true membrane current change induced by A. str.
The transient inward current was only seen after repolarization from the preceding depolarization and it showed clear dependence on the level and the duration of depolarizing pulses. These characteristics were quite compatible with the natures of TD reported by previous authors1),5); namely, TD became apparrent after stopping the train of impulses or after each action potential. The slope and the magnitude of TD became steeper and larger with the shorter basic cycle length of the stimulation. Furthermore TD was abolished by manganese ions. Therefore it might be safe to argue that the transient inward current observed in the voltage clamp experiments was the basis of TD observed in the recordings of membrane potentials. The appearance of the transient inward current in Purkinje fibers after exposure to A. str. was recently reported by Lederer and Tsien in a preliminary form,10) and their findings were similar to the present observations . However the present experiments further demonstrated the dependence of
